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Analysis  of  correlates  of  risk  of  infection  in  the  RV144  HIV-1  vaccine 
efficacy  trial  demonstrated  that  plasma  IgG  against  the  HIV-1 
envelope  (Env)  variable  region  1  and  2  inversely  correlated  with  risk, 
whereas  HIV-1  Env-specific  plasma  IgA  responses  directly  correlated 
with  risk.  In  the  secondary  analysis,  antibody-dependent  cellular 
cytotoxicity  (ADCC)  was  another  inverse  correlate  of  risk,  but  only  in 
the  presence  of  low  plasma  IgA  Env-specific  antibodies.  Thus,  we 
investigated  the  hypothesis  that  IgA  could  attenuate  the  protective 
effect  of  IgG  responses  through  competition  for  the  same  Env  binding 
sites.  We  report  that  Env-specific  plasma  IgA/IgG  ratios  are  higher  in 
infected  than  in  uninfected  vaccine  recipients  in  RV144.  Moreover, 
Env-specific  IgA  antibodies  from  RV144  vaccinees  blocked  the  binding 
of  ADCC-mediating  mAb  to  HIV-1  Env  glycoprotein  120  (gp120).  An 
Env-specific  monomeric  IgA  mAb  isolated  from  an  RV144  vaccinee 
also  inhibited  the  ability  of  natural  killer  cells  to  kill  HIV-1-infected 
CD4+  T  cells  coated  with  RV144-induced  IgG  antibodies.  We  show 
that  monomeric  Env-specific  IgA,  as  part  of  postvaccination  poly¬ 
clonal  antibody  response,  may  modulate  vaccine-induced  immunity 
by  diminishing  ADCC  effector  function. 

The  phase  III  RV144  ALVAC/AIDSVAX  B/E  HIV-1  vaccine 
efficacy  trial  in  Thailand  demonstrated  31.2%  estimated  vac¬ 
cine  efficacy  through  42  mo  of  follow-up  (1).  Analysis  of  correlates 
of  risk  of  infection  indicated  that  envelope  (Env)-specific  plasma 
antibody  responses  were  associated  with  a  lower  infection  risk  in 
vaccinees  (2).  Though  plasma  Env  variable  region  1  and  2  (V1/V2) 
IgG  correlated  with  decreased  infection  risk,  high  levels  of  anti- 
HIV- 1  Env  plasma  IgA  correlated  with  increased  infection  risk 
(2).  Interaction  analyses  demonstrated  that,  in  the  presence  of 
low  IgA  Env  antibodies,  antibody-dependent  cellular  cytotoxicity 
(ADCC)  responses  inversely  correlated  with  risk  of  infection, 
whereas  in  the  presence  of  high  IgA  Env  plasma  antibodies,  there 
was  no  correlation  with  risk  of  infection  (2).  Because  there  was  no 
overall  enhancement  of  infection  risk  in  the  trial  (1),  we  hypoth¬ 
esized  that  Env  IgA  might  block  potentially  protective  effector 
functions  of  Env  IgG  antibodies. 

Antibody  function  depends,  in  part,  on  ability  to  bind  to  Fc 
receptors  (FcR)  on  effector  cells.  The  antibody  isotype  and  subclass 
influences  its  affinity  for  different  cellular  FcRs  (3,  4).  IgG  anti¬ 
bodies  that  mediate  ADCC  through  natural  killer  (NK)  cells  bind 
to  FcyRIIIa  (CD  16).  In  contrast,  IgA  antibodies  do  not  bind  to 
FcyRIIIa,  but,  rather,  have  high  affinity  for  FcaRI  (CD89)  expressed 
by  monocytes/macrophages  and  polymorphonuclear  cells  (PMN). 
This  differential  profile  of  FcR  binding  by  IgG  and  IgA  antibodies 
impacts  the  effector  function  capabilities  of  these  antibody  isotypes. 

Here,  we  examined  plasma  IgA  and  monomeric  IgA  mono¬ 
clonal  antibodies  from  RV144  vaccine  recipients  to  test  the  hy¬ 
pothesis  that  some  fraction  of  the  vaccine-elicited  IgA  response 


could  block  IgG-mediated  ADCC  function.  We  found  that  a 
fraction  of  the  HIV- 1-specific  IgA  response  was  directed  against 
conformational  epitopes  in  the  first  constant  (Cl)  region  of  gly¬ 
coprotein  120  (gpl20),  a  specificity  of  RV144  vaccine  trial  anti¬ 
bodies  previously  shown  to  mediate  ADCC  via  NK  cells  (5, 6).  Two 
IgA  monoclonal  antibodies,  CH38  IgA2  and  CH29  IgA2,  were 
targeted  to  gpl20  ADCC  epitopes  expressed  on  the  surface  of 
HIV-l-infected  CD4  T  cells.  These  IgA  antibodies  did  not  me¬ 
diate  ADCC  via  NK  effector  cells  themselves,  but  rather  blocked 
ADCC  effector  function  on  infected  CD4+  T-cell  targets  by  HIV-1 
Env  IgG.  Thus,  the  RV144  vaccine-elicited  polyclonal  antibody 
response  included  IgA  antibodies  with  specificities  that  blocked 
IgG-mediated  ADCC. 

Results 

Env  IgA/IgG  Ratios  in  an  RV144  Case  Control  Study.  The  RV144  vaccine 
regimen  elicited  polyclonal  IgG  and  IgA  responses  to  HIV-1  Env 
(2).  To  determine  if  some  fraction  of  this  polyclonal  IgA  response 
could  block  Env  IgG-mediated  ADCC  activity,  we  first  determined 
the  ratio  of  Env-specific  IgA  to  IgG  in  a  follow-up  analysis  of  the 
RV144  case  control  study  (2).  Notably,  there  was  a  significant 
enrichment  of  higher  Env  IgA/IgG  ratios  (Fig.  1;  Fig.  SI)  among 
the  infected  vaccinees  (cases)  compared  with  uninfected  vaccinees 
(controls).  We  have  previously  devised  a  magnitude  and  breadth 
score  as  a  measurement  of  the  quality  of  Env-specific  antibody 
binding  based  on  the  magnitude  of  binding  to  a  panel  of  HIV-1 
envelope  proteins  representing  clades  A,  AE,  B,  C,  and  G  (2). 
For  the  combined  magnitude  and  breadth  score,  there  was  an 
increased  odds  ratio  (odds  ratio  is  a  descriptive  statistic  that 
herein  indicates  the  strength  of  association  between  risk  of  HIV-1 
infection  and  an  antibody  measurement)  and  lower  P  value  for 
the  IgA/IgG  ratio  antibody  measurement  compared  with  the  IgA 
measurement  alone  (Table  1).  Because  there  was  no  enhanced 
infection  risk  in  RV144  vaccinees  compared  with  placebos,  this 
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Fig.  1.  Enrichment  of  higher  Env  IgA/IgG  ratio  in  infected  RV144  vaccinees. 
The  ratio  of  IgA/IgG  HIV-1 -specific  Env  binding  was  calculated  for  each  sample 
and  analyzed  for  differences  between  infected  and  uninfected  vaccine  re¬ 
cipients  in  the  case  control  study.  There  was  a  significantly  greater  number 
of  infected  vaccinees  with  IgA/IgG  ratio  >1e-02  (A1  Congp140  Env)  than  un¬ 
infected  vaccinees  (weighted  logistic  regression  using  the  method  as  reported 
in  ref.  2;  P  =  0.001 5). 


increased  risk  refers  to  decreased  vaccine  efficacy  among  those 
receiving  the  vaccine.  Additionally,  the  IgA/IgG  binding  ratio 
response  to  the  vaccine  strain,  AE.A244  gpl20,  directly  cor¬ 
related  with  infection  risk.  Not  all  Env  IgA  responses  correlated 
with  infection  risk,  as  demonstrated  by  the  Con6  Env  gpl20 
IgA  response  (Table  1),  which  was  similar  to  the  HSV  glycoprotein 
D  (gD)  IgA  response  that  had  no  correlation  with  infection  risk 
(neither  decreased  nor  increased).  Overall,  by  multiple  meas¬ 
urements,  Env  IgA  antibodies  and  the  IgA/IgG  ratio  directly 
correlated  with  HIV-1  infection  risk. 

Affinity  of  IgA  and  IgG  Antibodies  for  Env  Protein.  A  dominant  speci¬ 
ficity  of  ADCC  antibodies  in  RV144  was  targeted  to  a  conforma¬ 
tional  Env  Cl  region  epitope  as  measured  by  blocking  of  ADCC 
with  the  fragment  antigen-binding  (Fab)  of  mAb  A32  against  this 
epitope  (5,  6).  Two  of  these  ADCC-mediating  mAbs,  CH29  and 
CH38,  were  isolated  from  two  ALVAC/AIDSVAX  vaccine  recipi¬ 
ents  and  shown  to  mediate  ADCC  when  expressed  as  IgGi  mAbs 
(5).  The  original  natural  isotypes  in  vivo  of  these  two  mAbs,  how¬ 
ever,  were  IgAx  and  IgA2,  respectively.  Here,  we  expressed  these 
antibody  sequences  as  an  IgA2  to  test  their  functional  properties. 
We  first  examined  the  binding  Kd  of  these  two  IgA2  mAbs  to  the 


vaccine  strain  envelope  AE.A244  gpl20  and  determined  that 
CH38  IgA2  mAb  bound  2.9-fold  higher  in  both  magnitude  and 
affinity  than  CH38  IgG  (4.8  nM  compared  with  14.3  nM;  Fig.  24). 
However,  CH38  IgA2  bound  to  the  vaccine  strain  Env  with  ~40-fold 
greater  affinity  (4.8  nM  compared  with  194  nM)  than  the  ADCC- 
mediating  CH57  IgG  mAb,  which  also  targets  the  Cl  conforma¬ 
tional  region  and  was  isolated  from  the  same  vaccinee  (5).  In 
contrast,  CH29  IgA2  and  CH29  IgG  both  bound  to  HIV  MN  gpl20 
with  similar  affinities  (but  did  not  bind  to  AE.A244  gpl20;  Fig.  26). 
CH90,  a  Cl  conformational  IgG  mAb  generated  from  the  same 
vaccinee  as  CH29  (5),  also  had  similar  affinity  to  MNgpl20  as 
CH29  IgA2  (Fig.  2 B).  These  data  demonstrated  both  the  supe¬ 
rior  binding  of  CH38  IgA2  vs.  IgG  to  AE.A244  gpl20  Env  pro¬ 
tein  and  the  heterogeneous  nature  of  the  RV144  vaccine-elicited 
IgA  responses. 

Cross-Blocking  of  Cl  Region-Specific  IgA  and  IgG  mAbs.  We  exam¬ 
ined  the  ability  of  Cl  conformational  IgG  mAbs  from  four  dif¬ 
ferent  RV144  vaccinees  to  compete  with  CH38  IgA2  mAb  Env 
binding  (Fig.  3).  CH38  IgA2  binding  to  A244  gpl20  Env  was 
blocked  by  Cl  region-specific  mAbs  (CH54,  CH57,  CH81,  and 
CH91  mAbs),  indicating  the  overlapping  specificities  of  Cl  re¬ 
gion  conformational  IgG  and  IgA  antibodies  elicited  by  RV144. 
Because  the  plasma  concentration  of  IgG  is  considerably  higher 
than  plasma  IgA,  we  tested  whether  the  differences  in  affinity 
between  CH38  IgA2  mAb  and  CH57  IgG  mAb  to  the  same  epi¬ 
tope  could  result  in  a  lower  molar  concentration  of  the  IgA 
blocking  higher  molar  concentrations  of  IgG  (Fig.  S2).  Increasing 
concentrations  of  CH38  IgA2  (0-100  pg/mL)  were  used  to  block 
binding  of  a  fixed  concentration  of  a  Cl  conformational  region 
mAb  generated  from  RV144:  CH57  IgG  (100  pg/mL)  to  AE. A244 
gpl20  Env.  At  a  molar  ratio  of  IgA:  IgG  =  0.2,  CH38  IgA2 
blocked  50%  of  CH57  IgG  binding.  These  data  indicate  that  at 
ratios  of  IgA  to  IgG  that  are  comparable  to  the  IgA/IgG  ratio  in 
plasma,  the  affinity  differences  in  the  antibody  isotypes  for  binding 
to  the  same  or  overlapping  epitopes  can  enable  blocking  of  IgG 
Env  binding  by  IgA. 

Cl  Conformational  Region-Specific  Plasma  IgA.  We  purified  IgA  from 
IgG-depleted  plasma  from  RV144  vaccinees  to  quantify  confor¬ 
mational  Cl  region-specific  IgA  antibodies.  We  chose  vaccinees 
from  the  RV144  pilot  study  who  had  plasma  Env  antibody  binding 
breadth  and  detectable  ADCC  activity.  Ten  of  the  16  purified  IgAs 
from  vaccinee  plasma  were  capable  of  inhibiting  the  Cl -specific 


Table  1.  IgA/IgG  Env  ratio  significantly  correlates  with  increased  risk  of  infection  (decreased 
vaccine  efficacy) 

Odds  ratio  P  value 


Envelope  protein/peptide 

IgA 

IgG 

IgA/IgG 

IgA 

IgG 

IgA/IgG 

Vaccine  strain  clade  AE.A244gp120* 

1.28 

0.72 

1.58 

ns 

0.03 

<0.01 

Env  panel  IgA  primary  score*'* 

1.39 

0.78 

1.59 

0.05 

ns 

<0.01 

CRF01  AE.C1  peptide 

1.69 

0.85 

1.79 

<0.001 

ns 

<0.001 

Clade  A.IConEnv  gp140 

1.57 

0.87 

1.66 

<0.01 

ns 

<0.01 

Con6  gp120 

1.01 

0.90 

1.06 

ns 

ns 

ns 

Non-HIV*  HSV  gD  peptide 

1.01 

1.02 

1.01 

ns 

ns 

ns 

The  odds  ratio  (univariate)  for  HIV-1  Env  IgA  and  IgG  binding  to  Env  panel  for  the  RV144  case  control  study 
are  shown.  As  part  of  the  RV144  correlates  analyses,  we  previously  reported  the  odds  ratio  and  P  values  for  the 
risk  of  infection  for  Env  IgG  and  Env  IgA  measurements  individually  (2).  For  the  two  HIV-1  Env  IgA  responses  with 
the  strongest  odds  ratio  for  increased  risk  of  infection  (CRF01  AE.C1  peptide  and  Al.Con  gp140),  there  was 
an  increase  in  the  odds  ratio  when  the  IgA/IgG  ratio  was  measured  (compared  with  Env  IgA  alone),  although  the 
P  value  was  unchanged  (P  <  0.001;  P  =  0.0004  for  both  IgA  alone  and  IgA/IgG  ratio).  Significant  P  values  with 
increased  odds  ratio  (increased  risk  of  infection)  are  shown,  ns,  not  significant. 

*Measurements  that  become  significantly  correlated  with  increased  risk  of  infection  when  examined  as  a  ratio  of 
IgA  to  IgG  Env  binding. 

*Env  IgA  breadth  score  (univariate  analysis)  as  reported  (2).  The  multivariate  analysis  of  this  same  breadth  IgA 
score  had  an  odds  ratio  of  1.54  (P  =  0.03).  Pink  indicates  significant  correlation  with  increased  risk  of  infection 
(decreased  vaccine  efficacy).  Gray  indicates  significant  correlation  with  decreased  risk  of  infection. 

*HSV  gD  peptide  that  was  present  in  the  gp120  boost  of  vaccine. 
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Fig.  2.  Different  binding  affinity  of  RV144  mono¬ 
clonal  antibodies  of  IgA  and  IgG  origin.  HIV-Env 
gp120  mAbs  isolated  from  RV144  vaccinees  were 
measured  by  SPR  for  binding  to  the  vaccine  strain 
envelope:  AE.A244A11  gp120  (CH38,  CH57)  or  MN 
gp120  (CH29,  CH90).  (A)  The  binding  affinity  to  the 
vaccine  strain  AE.A244A1 1  gpl  20  is  shown  for  CH38 
lgA2,  IgG,  and  CH57  IgG  mAbs.  CH38  and  CH57  mAbs 
were  generated  from  the  same  RV144  vaccinee.  Data 
are  representative  of  three  measurements  except  for 
CH57  ( Kd  from  two  measurements  were  163  and  194 
nM).  ( B )  The  binding  affinity  to  the  vaccine  strain  MN 
gpl  20  is  shown  for  CH29  lgA2,  CH29  IgG,  and  CH90 
IgG  mAbs.  CH29  and  CH90  mAbs  were  generated 
from  the  same  vaccinee.  Data  are  each  representa¬ 
tive  of  three  measurements,  and  mean  Kd  values  for 
CH29  lgA2,  CH29  IgG,  and  CH90  IgG  were  82.1,  126, 
and  128  nM,  respectively. 


conformational  IgG  mAb  A32  mAb  binding  to  the  AE.A244  gpl20 
(Fig.  4;  Table  SI).  An  average  of  7  pg/mL  CH38  IgA2  equivalent 
concentrations  of  purified  IgA  from  plasma  was  present  per  mg/mL 
of  IgA  from  these  10  RV144  vaccinees  (Table  SI;  range  1.1- 
18.2  pg/mL  CH38  equivalent  per  milligram  per  milliliter  IgA). 

Blocking  of  Plasma  Anti-CI  mAb-Mediated  ADCC  by  CH38  lgA2  mAb. 

CH38  and  CH29  mAbs  expressed  as  IgGi  mediated  ADCC  against 
CM235-infected  cells  in  the  presence  of  NK  effector  cells  at  an 
endpoint  concentration  of  0.04  and  21.3  pg/mL,  respectively  (5)  (Fig. 
fL4).  These  data  are  in  agreement  with  the  affinity  data  showing  that 
CH38  mAb  better  recognize  Env  antigens  expressed  on  the  surface 
of  HIV-l-infected  cells  than  CH29  mAb.  ADCC  mediated  by  both 
mAbs  expressed  as  IgGiS  was  blocked  by  the  A32  Fab,  indicating  that 
the  epitope  recognized  by  the  two  mAbs  was  overlapping  with  that  of 
the  A32  Cl  conformational  epitope  (5).  The  IgA2  versions  of  CH38 
and  CH29  were  used  to  evaluate  their  ability  to  block  ADCC  me¬ 
diated  by  other  RV144  vaccinee  IgGi  mAbs.  Thus,  we  incubated 
HIV  CM235-infected  CD4+  target  cells  with  CH38  or  CH29  IgA2 
mAbs  and  evaluated  their  ability  to  inhibit  ADCC  activity  mediated 
by  the  RV144  mAbs  CH54,  CH57,  CH81,  and  CH90.  As  a  negative 
control,  we  tested  7B2  IgA  mAb  (with  specificity  to  a  gp41  epitope 
that  is  not  present  in  the  RV144  vaccine)  and,  as  expected,  this  mAb 
did  not  significantly  inhibit  ADCC  of  any  of  the  gpl20  mAbs  (Fig. 
5B).  Similar  results  were  observed  for  CH29  IgA2  (Fig.  5C).  In 
contrast,  CH38  IgA2  mAb  significantly  inhibited  ADCC  mediated  by 
RV144  CH54,  CH57,  CH81,  and  CH90  mAbs  in  a  dose-dependent 
manner  (Fig.  5D;  65-90%  blocking).  These  data  indicated  that  some 
but  not  all  vaccine-induced  IgA  Env  antibodies  can  effectively  block 
IgG  antibody-mediated  ADCC  effector  function. 

Blocking  of  Purified  IgG-Mediated  ADCC  from  RV144  Vaccinee  Plasma 
by  CH38  lgA2  and  CH29  lgA2.  To  determine  whether  the  CH38  IgA2 
and  CH29  IgA2  mAbs  could  block  ADCC  mediated  by  plasma 
IgG,  we  purified  IgG  from  the  plasma  of  vaccine  recipients  with 
known  ADCC  activity.  HIV-1  Env  gpl20-coated  target  cells  were 
preincubated  with  serial  concentrations  of  IgA  mAbs,  and  then 
purified  IgG  from  vaccinees  was  added  at  concentrations  where 
peak  ADCC  was  previously  measured.  The  combination  of  CH38 
IgA2  and  CH29  IgA2  was  capable  of  inhibiting  50%  of  the  ADCC 
responses  at  ~1  pg/mL  (range  0.9-1.2  pg/mL;  Fig.  6).  These  data 
demonstrate  that  purified  IgA2  mAbs  derived  from  RV144  vac¬ 
cinee  B  cells  can  directly  block  binding  of  Cl-specific  conforma¬ 
tional  IgG  antibodies  that  mediate  ADCC. 

Discussion 

We  have  shown  that  HIV-1  Env  IgA  antibodies  elicited  by  the 
RV144  vaccine  can  interfere  with  binding  and  functional  activity 
of  vaccine-induced  IgG  responses.  First,  we  demonstrate  that  the 
HIV-1  Env-specific  IgA/IgG  ratio  directly  correlated  with  in¬ 
fection  risk,  suggesting  that  for  some  HIV-1  Env  specificities,  the 


balance  of  Env  IgA  and  Env  IgG  might  influence  vaccine  efficacy. 
Second,  we  demonstrated  that  IgA  mAbs  isolated  from  RV144 
vaccinees  can  both  inhibit  Env  binding  and  block  ADCC  function 
of  vaccine-induced  IgGs  that  target  the  same  epitope  as  the 
vaccine-induced  IgAs.  Thus,  here  we  have  identified  a  potential 
mechanism  by  which  vaccine  IgA  might  attenuate  protective  vac¬ 
cine  efficacy.  The  findings  provide  a  rationale  to  test  this  concept 
in  nonhuman  primate  passive  protection  studies  with  RV144  mAbs, 
and  to  include  the  measurement  of  Env  IgA/IgG  ratios,  including 
Cl  conformational-specific  IgA/IgG  ratios,  in  the  evaluation  of 
future  HIV-1  vaccine  studies. 

The  correlation  of  the  IgA/IgG  ratio  with  infection  risk  could 
be  due  to  HIV- 1-specific  plasma  IgA  interfering  with  potentially 
protective  IgG  effector  functions.  Interference  of  IgG  function 
by  IgA  antibodies  has  been  reported  for  host  immunity  to  bacteria 
(7,  8),  for  the  regulation  of  autoantibodies  (9),  and  for  ADCC 
activity  of  EBV-infected  target  cells  in  the  setting  of  nasopharyn¬ 
geal  cancer  (10).  However,  this  mechanism  of  action  has  not  been 
previously  reported  for  vaccine-elicited  IgA  antibodies.  Here,  we 
report,  that  a  portion  of  the  Env-specific  IgA  response  in  RV144 
was  capable  of  inhibiting  ADCC  activity  of  vaccine-elicited  IgG. 

In  this  study,  two  mAbs,  CH38  and  CH57,  were  generated  from 
the  same  vaccine  recipient.  CH38  IgA2  mAb  had  significantly 
higher  affinity  for  the  vaccine  strain  Env  protein  than  CH57  IgGx 
mAb,  and  both  bound  to  the  Cl  region  of  gpl20.  CH38  IgA2  also 
had  higher  affinity  for  HIV-1  Env  than  the  corresponding  CH38 
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Negative  Ctrls  Cl  region  specific  mAbs  (Vaccinees) 

Fig.  3.  Cl  region  gpl  20-specific  IgG  mAbs  block  binding  of  CH38  lgA2 
mAbs.  HIV-1  Env  (AE.A244A11  gp120)  was  incubated  with  the  IgG  mAbs 
representing  Cl  conformation  mAbs  from  four  different  RV144  vaccinees. 
These  antigen-antibody  complexes  were  then  flowed  over  the  monoclonal 
antibody  coupled  to  the  sensor  surface:  CH38  mAb  lgA2.  CH38  lgA2  mAb  was 
blocked  for  binding  to  gpl  20  Env  by  IgG  antibodies  with  specificities  for  the 
Cl  region  of  gpl 20.  The  percent  blocking  of  mAb  binding  was  calculated 
relative  to  the  mAb  binding  in  the  presence  of  a  control  gp41  antibody 
(7B2).  Means  and  SDs  of  percentage  blocking  are  from  four  measurements. 
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Fig.  4.  RV144-purified  IgA  inhibition  of  ADCC  mediating  A32  mAb  binding 
to  HIV-1  Env.  Plasma  IgA  was  purified  by  peptide  M  columns  after  IgG  de¬ 
pletion.  Purity  of  IgA  was  confirmed  by  HIV-1  binding  antibody  multiplex 
assays.  Known  concentration  of  purified  IgA  were  tested  for  blocking  bio¬ 
tinylated  A32  IgG  binding  to  HIV-1  Env.  CH38  lgA2  was  used  as  the  positive 
control  (A).  Percentage  blocking  of  IgA  preparations  (concentration  range 
0.5-1 .3  mg/mL)  at  1:2  dilution  are  shown  ( B ). 


IgG.  Our  finding  that  an  IgA  could  have  higher  affinity  for  its 
epitope  than  an  IgG  of  the  same  epitope  specificity  is  consistent 
with  previous  reports.  It  was  recently  reported  that  2F5  IgA  (IgA2) 
mAb  had  higher  affinity  to  its  epitope  than  2F5  IgG  (11).  Prior 
work  by  Pritsch  et  al.  (12)  also  reported  that  an  IgA  isotype 
had  ~  10-fold  higher  affinity  than  the  IgG  mAb  (anti-tubulin  mAb 
from  serum  of  a  lymphoma  patient).  These  data  indicate  that 
antibody  isotype  can  influence  affinity  and  suggest  that  there  may 
be  differences  both  in  the  secondary  structure  of  the  antibody 
constant  region  CHI  domain  and,  potentially,  interactions  with 
VH  (13)  as  well  as  in  the  length  of  the  hinge  region  (14)  that  may 
influence  antibody  binding  properties. 

In  contrast  to  IgG,  human  IgA  can  exist  in  multiple  forms  as 
monomeric,  dimeric,  and  secretory  IgA.  Moreover,  there  are  two 
different  IgA  subclasses  (IgAx  and  IgA2)  that  can  be  influenced 
by  the  nature  of  the  antigen  stimulation.  IgAx  is  predominant  in  the 
serum,  whereas  IgA2  is  higher  in  mucosal  secretions.  Recombinant 
mAbs  are  generally  made  as  an  IgA2  due  to  the  longer  hinge  region 
of  IgAi  that  makes  IgA]  more  susceptible  to  bacterial  proteinases 
(reviewed  in  ref.  15).  CH29  was  originally  an  IgA1?  and  thus  further 
studies  are  merited  to  determine  whether  HIV-1  vaccines  can  elicit 
differential  IgA  subclasses  with  particular  specificities  and  function. 

Plasma  IgA  is  predominantly  monomeric,  whereas  mucosal 
IgA  is  either  predominantly  dimeric  or  polymeric  with  secretory 
component  (16).  Effector  functions  of  IgA  are  different  from 
IgG  due  to  the  differences  in  antibody  binding  to  FcRa  vs.  FcRy 


receptors  (3),  and  the  lack  of  binding  of  IgA  to  Clq  complement. 
Dimeric  and  monomeric  IgA  can  mediate  ADCC  or  phagocytosis 
by  monocytes  and  PMNs,  but  in  contrast  to  IgG  cannot  mediate 
ADCC  via  NK  cells.  Thus,  other  effector  functions  of  vaccine- 
elicited  IgA  with  antiviral  activity  (either  through  engaging  dif¬ 
ferent  effector  cells  or  through  presence  at  mucosal  sites)  are 
plausible.  Mucosal  samples  were  not  collected  as  part  of  the 
RV144  efficacy  trial,  so  mucosal  IgA  levels  and  functions  could 
not  be  evaluated  as  correlates  of  infection  risk.  Notably,  we  have 
found  that  plasma  antibody  responses  do  not  predict  mucosal 
responses,  indicating  a  dichotomy  between  systemic  and  mucosal 
antibody  responses  (17,  18).  In  the  VAX004  efficacy  trial,  Env- 
specific  plasma  IgA  was  detected  (~60%  response  rate),  but  there 
were  no  cervicovaginal  or  gingival  IgA  elicited  (19).  It  is  impor¬ 
tant  to  emphasize  that  our  current  study  only  addresses  the  ability 
of  plasma  (monomeric)  IgA  to  block  IgG  NK-mediated  effector 
function,  and  does  not  address  the  issue  of  vaccine-induced  mu¬ 
cosal  IgA  or  IgG  (nor  does  it  address  effector  functions  mediated 
by  cells  other  than  NK  cells).  Follow-up  studies  using  the  RV144 
ALVAC  prime/ AIDSVAX  B/E  boost  vaccine  regimen  are  in 
progress  (RV305,  RV306)  to  search  for  the  presence  of  specific 
mucosal  antibody  responses  with  the  RV144  vaccine  regimen. 
Our  data  indicate  that  Env-specific  monomeric  IgA  may  block 
vaccine-induced  IgG  ADCC  activity.  Thus,  it  will  be  important  to 
determine  IgA/IgG  ratios  of  antibodies  induced  to  potentially 
protective  epitopes  in  new  vaccine  trials.  Understanding  how 
plasma  IgA  antibodies  are  induced  and  how  they  may  be  modu¬ 
lated  by  vaccine  immunogens  or  adjuvants  is  a  new  and  important 
area  of  vaccine  development  research. 

Materials  and  Methods 

Plasma  and  Cellular  Samples  from  Vaccine  Recipients.  All  trial  participants  gave 
written  informed  consent  as  described  for  both  studies  (1,  20).  Samples  were 
collected  and  tested  according  to  protocols  approved  by  institutional  review 
boards  at  each  site  involved  in  these  studies.  Plasma  samples  were  obtained 
from  volunteers  enrolled  inthe  phase  I/ll  clinical  trial  (20)and  in  the  community- 
based,  randomized,  multicenter,  double-blind,  placebo-controlled  phase  III 
efficacy  trial  (1);  both  trials  tested  the  prime-boost  combination  of  vaccines 
containing  ALVAC-HIV  (vCP1521)  (Sanofi  Pasteur)  and  AIDSVAX  B/E  (Global 
Solutions  for  Infectious  Diseases,  South  San  Francisco,  CA).  Peripheral  blood 
mononuclear  cells  (PBMCs)  from  two  vaccine  recipients  enrolled  in  the  phase  II 
(T141449)  and  phase  III  (347759)  trials  whose  plasma  showed  ADCC  activity 
were  used  for  isolation  of  memory  B  cells  and  mAbs.  Both  subjects  had  negative 
serology  for  HIV-1  infection  at  the  time  of  collection. 
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Fig.  5.  CH38  lgA2  does  not  mediate  ADCC,  but  can 
inhibit  IgG-mediated  ADCC.  (A)  ADCC  endpoint 
concentration  (EC  in  micrograms  per  milliliter)  of  the 
IgG!  (black  bars)  and  lgA2  (white  bars)  version  of  the 
CH29,  CH38,  and  7B2  mAb.  The  7B2  mAb  was  used  as 
control.  HIV-1  AE.CM235-infected  CEM.NKRCCR5  cells 
were  used  as  target  cells.  ( B-D )  Blocking  of  ADCC  by 
7B2  IgA,  CH29  lgA2,  and  CH38  lgA2.  IgA  mAbs  were 
tested  at  four  different  concentrations  to  inhibit  the 
ADCC  mediated  by  10  ng/mL  of  the  IgG-mAbs  CH38, 
CH54,  CH57,  CH81,  and  CH90.  Each  bar  represents 
one  of  the  four  used  IgA  mAb  concentrations.  HIV-1 
AE.CM235-infected  target  cells  were  used  in  the 
GranToxiLux  assay.  The  7B2  lgA2  was  used  as  nega¬ 
tive  control.  Each  mAb  combination  was  tested  in 
duplicate,  and  each  bar  represents  the  average 
results  from  duplicate  experiments  ±  SEM.  The 
results  are  reported  as  a  percentage  of  inhibition  of 
the  percentage  of  the  granzyme  activity  observed  in 
absence  of  preincubation  with  the  CH38  lgA2  and 
CH29-lgA2  mAbs. 
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Fig.  6.  CH38  plus  CH29  lgA2  mAbs  can  inhibit  ADCC  mediated  by  purified 
plasma  IgG  from  RV144  vaccinees.  Purified  IgG  preparations  were  purified 
from  the  RV144  vaccine  recipients  (each  line  is  one  vaccinee).  Each  prepa¬ 
ration  was  tested  at  the  initial  dilution  of  1 :250  at  which  the  maximum  ADCC 
activity  was  observed.  The  combination  of  CH29  and  CH38  lgA2  mAbs  was 
added  starting  at  100  ng/mL  with  a  threefold  serial  dilution.  The  dotted  line 
represents  the  50%  ADCC  inhibition. 


Statistical  Analyses.  In  a  follow-up  analysis  of  the  IgA  responses  in  the  RV144 
case-control  study,  we  measured  the  H IV- 1 -specific  IgA/IgG  ratio  to  determine 
if  this  calculation  improved  the  prediction  for  risk  of  infection.  To  combine  the 
ratio  of  IgA/IgG  binding  to  a  panel  of  HIV-1  Env  proteins  representing  clades  A, 
AE,  B,  C,  and  G  into  a  single  measure,  we  considered  two  different  weighting 
schemes.  Because  the  focus  here  is  more  on  IgA  binding,  we  chose  the  first  set 
of  weights  based  on  the  magnitude  of  IgA  binding  to  the  panel,  and  it  was 
designed  to  down-weight  antigens  that  are  overrepresented  and  up-weight 
antigens  that  are  underrepresented  to  achieve  uniform  representation  of  the 
epitope  diversity.  Details  for  weight  construction  algorithm  can  be  found  in 
ref.  2.  We  also  considered  a  simple  equally  weighted  combination  of  ratios 
for  the  purpose  of  sensitivity  analysis.  To  create  a  binary  variable  for  a  dis¬ 
crete  representation  of  IgA/IgG  ratio,  we  chose  to  dichotomize  at  0.01  given 
the  preprocessing  of  the  IgA  and  IgG  readouts  based  on  positive  response 
calls  (2).  The  statistical  analyses  of  correlates  of  infection  risk  were  performed 
as  described  in  ref.  2,  which  were  based  on  multiple  logistic  regression  models 
with  inverse  probability  weighting. 


through  fractions  were  collected  and  loaded  onto  fresh  purification  columns 
for  an  additional  overnight  incubation  at  4  °C.  Both  purification  columns  were 
then  washed  with  PBS,  and  IgAs  were  eluted  off  the  columns  using  IgG  elution 
buffer  (Pierce/Thermo  Scientific)  and  immediately  neutralized  with  1  M  Tris 
(pH  8.8).  The  eluted  fractions  were  subsequently  buffer-exchanged  against  PBS 
using  Amicon  Ultra-15  filters  with  a  50-K  cutoff  (Millipore/Fisher  Scientific), 
and  concentrated.  The  IgA  preps  were  then  removed  of  contaminating  IgG  by 
incubating  in  Protein  G  Spin  Columns  (GE  Healthcare).  All  IgA  preps  were 
tested  in  IgG  binding  antibody  multiplex  assays  (26)  to  confirm  the  absence  of 
IgG  contamination  before  any  subsequent  assays/applications. 

ELISA  Antibody  Blocking  Assays.  The  384-well  ELISA  plates  (Costar  no.  3700) 
were  coated  with  30  ng  per  well  A244A1 1  gpl  20  overnight  at  4  °C  and  blocked 
with  assay  diluent  [PBS  containing  4%  (wt/vol)  whey  protein/1 5%  normal  goat 
serum/0.5%  Tween  20/0.05%  sodium  azide]  for  1  h  at  room  temp.  All  assay 
steps  were  conducted  in  assay  diluent  (except  substrate  step)  and  incubated 
for  1  h  at  room  temperature  followed  by  washing  with  PBS/0.1  %  Tween  20. 
Purified  IgA  from  RV144  vaccinees  were  tested  for  blocking  of  biotinylated 
target  mAb  added  at  the  EC50  (determined  by  a  direct  binding  of  biotinylated- 
mAb  to  JRFL).  Biotin-mAb  binding  was  detected  with  streptavidin  alkaline 
phosphatase  at  1:1,000  (Promega  V5591)  followed  by  substrate  [carbonate 
bicarbonate  buffer  (CBC)  buffer  +  2  mM  MgCI2  +  1  mg/mL  4-nitrophenyl 
phosphate  di(2-amino-2-ethyl-1, 3-propanediol)  salt].  Plates  were  read  with 
a  plate  reader  at  405  nm  at  45  min.  Duplicate  wells  were  background  sub¬ 
tracted  and  averaged.  Percent  blocking  was  calculated  as  follows:  100  - 
(purified  IgA  triplicate  mean/no  inhibition  control  mean)  x  100. 

Surface  Plasmon  Resonance  Kinetics  and  Kd  Measurements.  Env  gpl  20  binding 
Kd  and  rate  constant  for  IgG  mAbs  were  calculated  on  BIAcore  3000  instru¬ 
ments  using  an  anti-human  Ig  Fc  capture  assay  as  described  previously  (27-29). 
Anti-respiratory  syncytial  virus  mAb  Synagis  (Palivizumab)  was  captured  on  the 
same  sensor  chip  as  a  control  surface.  Nonspecific  binding  of  Env  gpl 20  to  the 
control  surface  and/or  blank  buffer  flow  was  subtracted  for  each  mAb-gp120 
binding  interactions.  IgA  antibodies  were  directly  coupled  via  amine  coupling 
chemistry  to  the  sensor  surfaces,  and  Env  gpl  20  was  flowed  and  data  collected 
as  above.  All  curve-fitting  analyses  were  performed  using  global  fit  of  multiple 
titrations  to  the  1:1  Langmuir  model.  Mean  and  SD  of  rate  constants  and  Kd 
were  calculated  from  at  least  three  measurements  on  individual  sensor  surfaces 
with  equivalent  amounts  of  captured  antibody.  All  data  analysis  was  performed 
using  BIAevaluation  4.1  analysis  software  (GE  Healthcare). 


Isolation  of  ADCC-Mediating  Monoclonal  Antibodies.  Monoclonal  antibodies 
were  isolated  either  from  memory  B  cells  that  bound  to  HIV-1  group  M 
consensus  gpl 40  (ConSgp140)  Env  sorted  by  flow  cytometry  (21)  or  from  lgG+ 
memory  B  cells  cultured  at  near  clonal  dilution  for  14  d  (22)  followed  by  se¬ 
quential  screenings  of  culture  supernatants  for  HIV-1  gp120  Env  binding  and 
ADCC  activity.  Vaccinee  T1 41 449  was  tested  using  antigen-specific  memory  B- 
cell  sorting  as  previously  described  (21)  with  the  following  modifications. 
Group  M  consensus  gp140  (ConS  gp140)  Env  labeled  with  Pacific  Blue  and 
Alexa  Fluor  647  (Invitrogen)  was  used  for  sorting.  Memory  B  cells  were  gated 
as  Aqua  Vital  Dye~,  CD3“,  CD14~,  CD  16“  CD235a”,  CD19+,  and  surface  lgD“; 
memory  B  cells  stained  with  gp140  (ConS  gp140)  in  both  colors  were  sorted  as 
single  cells  as  described  (22).  A  total  of  54,621  memory  B  cells  from  vaccinee 
T141449  were  screened  using  this  method.  lgG+  memory  B  cells  from  vaccine 
347759  were  screened  using  two  methods  as  previously  described  (5). 

Production  of  Recombinant  Anti-HIV-1  IgA  Antibodies.  The  variable  regions 
of  Ig  heavy-  and  light-chain  (VH  and  VL)  genes  of  CH29  and  CH38  Ab  were 
isolated  from  clonal  culture  of  memory  B  cells  (5)  by  RT-PCR  (23).  For  pro¬ 
duction  of  full-length  recombinant  CH29  and  CH38  antibodies,  the  respective 
VH  and  VL  genes  were  cloned  into  a  pcDNA  3.1  expression  vector  expressing 
either  human  lgA2  constant  region,  generated  by  de  novo  synthesis  based 
on  the  sequence  from  GenBank  (accession  no.  BC073765)  (24)  or  from  the 
lambda  light  chain  constant  region  gene  (25).  Recombinant  CH29  and  CH38 
lgA2  antibodies  were  produced  in  293F  cells  by  cotransfection  with  CH29  and 
CH38  lgA2  heavy-chain  and  light-chain  gene  plasmids  and  purified  by  af¬ 
finity  chromatography  using  peptide  M  (InvivoGen).  Recombinant  7B2  IgA 
was  similarly  produced  and  used  as  a  negative  control. 

IgA  Purification.  IgA  purification  from  plasma  was  performed  using  peptide  M/ 
agarose  resin  (InvivoGen)  following  the  manufacturer's  instructions  with  minor 
modifications.  Briefly,  purification  columns  were  prepared  by  loading  400-|iL 
peptide  M  agarose  into  2-mL  spin  columns  (Pierce/Thermo  Scientific)  and 
washing  with  PBS.  Plasma  samples  were  diluted  1:2  with  PBS  and  loaded  to 
prepared  columns.  After  incubating  at  room  temperature  for  45  min,  the  f  low- 


Surface  Plasmon  Resonance  Antibody  Blocking  Assay.  Surface  plasmon  reso¬ 
nance  (SPR)  antibody  blocking  was  measured  on  BIAcore  3000  instru¬ 
ments  by  immobilizing  the  test  mAb  (IgG  or  IgA)  on  a  CM5  sensor  chip  to 
~5,000-6,000  resonance  units  using  standard  amine  coupling  chemistry. 
ADCC-mediating  blocking  antibodies  were  preincubated  with  Env  gp120 
in  solution  at  a  molar  ratio  of  Env  to  mAb  at  1 :3.  The  1 :3  molar  ratio  used 
gave  binding  to  saturation  level,  which  was  predetermined  by  testing 
binding  of  the  Env-mAb  mixture  to  a  blocking  antibody  immobilized  on 
the  chip.  Following  each  binding  cycle,  surfaces  were  regenerated  with 
a  short  injection  (10-15  s)  of  either  glycine-HCI  (pH  2.0)  or  100  mM  phosphoric 
acid.  Blocking  percentages  were  calculated  from  the  ratio  of  binding  re¬ 
sponse  as  follows:  [percent  blocking  =  1  -  (response  with  gpl 20  +  blocking 
mAb/response  with  gpl 20  +  control  mAb  Synagis)  x  100]. 

Competitive  Blocking  of  Env  gp120  Binding  of  IgG  by  IgA.  The  RV144  PBMC- 
derived  CH54  mAb  was  incubated  at  a  fixed  saturating  concentration  (1 00  |ig / 
mL)  with  20  |_ig  of  Env  gpl 20  (A244  D1 1  gpl 20),  and  varying  concentrations 
of  CH38  lgA2  monomers  (0-100  |ag/mL)  were  added  to  the  Env-IgG  mixture, 
which  was  then  incubated  at  either  4  °C  overnight  or  at  room  temperature 
for  ~4  h.  The  percent  blocking  of  IgG  binding  was  calculated  by  measuring 
the  concentration  of  unbound  IgG  in  the  antibody-antigen  mixture  with 
IgA,  and  following  its  capture  and  calibration  on  an  anti-Fc  IgG  immobilized 
surface  by  SPR  measurements.  The  molar  ratio  of  lgA:lgG  blocking  was  fi¬ 
nally  calculated  from  the  above  measurements. 

Virus,  Infectious  Molecular  Clones  for  ADCC  GranToxiLux  Assay.  The  HIV-1 
reporter  virus  used  was  replication-competent  infectious  molecular  clones 
(IMC)  designed  to  encode  the  CM235  (subtype  A/E)  Env  genes  in  c/s  within 
an  isogenic  backbone  that  also  expresses  the  Renilla  luciferase  reporter 
gene  and  preserves  all  viral  ORFs  (30).  The  Env-lMC-LucR  viruses  were 
subtype  A/E  NL-LucR.T2A-AE.CM235-ecto  (IMCCM235;  GenBank  accession 
no.  AF2699954;  plasmid  provided  by  J.H.K.).  Reporter  virus  stocks  were 
generated  by  transfection  of  293T  cells  with  proviral  IMC  plasmid  DNA  and 
titrated  on  TZM-bl  cells  for  quality  control. 
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ADCC  GranToxiLux  Assay.  ADCC  activity  was  detected  according  to  our 
previously  described  ADCC-GranToxiLux  (GTL)  procedure  (31).  CM235- 
infected  CEM.NKRCCR5  (32)  were  used  as  target  cells.  Purified  NK  effector 
cells  were  obtained  from  PBMCs  collected  from  an  HIV-1  seronegative 
donor  with  the  F/F  phenotype  of  Fcy-receptor  3A  and  used  at  the  effector 
to  target  (E:T)  ratio  of  10:1.  The  mAb  A32  (James  Robinson,  Tulane  Uni¬ 
versity,  New  Orleans),  Palivizumab  Synagis  (Medlmmune,  LLC;  negative 
control),  and  vaccine-induced  mAbs  were  tested  as  6  fourfold  serial  dilu¬ 
tions  with  a  starting  concentration  of  40  pg/mL  (range  40-0.039  pg/mL).  The 
results  are  expressed  as  the  endpoint  concentration  (EC)  in  pg/mL  as  pre¬ 
viously  described  (5). 

Inhibition  of  ADCC  Activity  by  the  IgA  mAbs.  To  demonstrate  the  blocking 
activity  of  the  CH38  lgA2  and  CH29  lgA2  mAbs  on  the  IgG  mAbs,  we  incu¬ 
bated  (15  min)  the  IgA  mAbs,  as  previously  described  (defined  as  primary 
mAb,  at  concentrations  of  10,  1,  0.1,  and  0  pg/mL  with  the  target  cells).  We 
subsequently  added  IgG  mAbs  at  10  pg/mL  and  incubated  with  CM235- 
infected  CEM.NKR.CCR5  target  cells  as  described  above.  CH38  lgA2  and  CH29 
lgA2  were  used  together  at  100,  33.3,  11.1,  3.7,  1.2,  and  0.4  pg/mL  to  block 
ADCC  mediated  by  the  purified  plasma  IgG.  Purified  IgG  was  prepared  as 
previously  described  (2).  Each  IgG  preparation  was  tested  against  the 
A244A11  gp120-coated  CEM.NKRCcrs  target  cells  at  three  concentrations 
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representing  the  range  of  peak  activity  for  each  sample.  The  IgA  version  of 
the  7B2  mAb  was  used  as  negative  control.  The  results  are  reported  as 
percentage  of  ADCC  inhibition,  calculated  as  percentage  of  ADCC  activity 
reduction  based  on  the  ADCC  mediated  by  the  IgG  mAb  or  IgG  preparation 
in  absence  of  the  lgA2  mAbs. 
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Score  by  IgA  Weight 


Fig.  SI.  Weak  correlation  between  envelope  (Env)  IgG  and  Env  IgA  score  in  RV144.  RV144  elicited  heterogeneous  IgG  and  IgA  binding  responses  among 
vaccinees.  The  binding  score  (weighted  average  of  14  Env)  was  calculated  individually  for  each  vaccinee  (represented  by  black  circles  for  uninfected  vaccinees 
and  red  circles  for  infected  vaccinees).  There  was  a  modest  correlation  (Spearman  rank  correlation  0.46;  95%  confidence  interval  0.31-0.52)  between  IgA  and 
IgG  magnitude  and  breadth  binding  scores.  The  adjusted  ratios  equal  0.01  for  points  on  the  black  line,  and  equal  the  median  of  all  adjusted  ratios  for  points  on 
the  gray  line. 
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Fig.  S2.  HIV-1  Env  IgA  mAb  (CH38  mAb)  blocks  IgG  mAb  (CH57  mAb)  binding  to  vaccine  strain  A244  Al  1  glycoprotein  (gp120)  at  a  molar  ratio  of  lgA:lgG  of 
0.2.  The  percent  blocking  of  IgG  binding  was  calculated  relative  to  anti-IgG  binding  in  the  absence  of  CH38  IgA.  Increasing  concentrations  of  CH38  IgA  (0-100 
pg/mL)  were  mixed  with  A244  All  gp120  and  then  flowed  over  CH57  mAb  immobilized  on  the  sensor  surface  (A).  Schematic  of  surface  plasmon  resonance 
setup  for  competition  measurements.  ( B )  Percentage  of  blocking  is  plotted  against  IgA/IgG  molar  ratio,  and  50%  inhibition  was  calculated  from  curve-fitting 
analysis.  The  red  and  black  lines  indicate  separate  experiments.  (C)  The  calculated  percentage  of  blocking  per  molar  concentration  of  IgA/IgG  for  each  ex¬ 
periment  is  shown. 
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Table  SI.  RV144-purified  IgA  inhibition  of  ADCC  mediating  A32 
mAb  binding  to  HIV-1  Env 


Vaccinees 

(PTIDS) 

CH38  mAb  IgA  equivalent, 
pg/mg  IgA 

Blocking,  % 
(dilution)* 

200118 

18.2 

39.6  (1:4) 

109041 

14 

36.8  (1:4) 

210884 

8.8 

35.8  (1:8) 

828279 

7.6 

30.7  (1:4) 

609107 

6.4 

40.9  (1:2) 

501467 

5.6 

35.6  (1:4) 

223604 

4.8 

38.1  (1:2) 

849565 

1.9 

28.1  (1:2) 

327722 

1.4 

25.2  (1:2) 

347759 

1.1 

20.6  (1:2) 

Plasma  IgA  was  purified  by  peptide  M  columns  after  IgG  depletion.  Purity 
of  IgA  was  confirmed  by  binding  antibody  multiplex  assays.  Known  concen¬ 
trations  of  purified  IgA  were  tested  for  blocking  biotinylated  A32  IgG  mAb 
binding  to  HIV-1  Env.  CH38  IgA  at  known  concentrations  was  titrated  as  the 
positive  control.  The  average  concentration  of  purified  IgA  blocking  of  A32 
mAb  was  7.0  pg/mg  total  IgA. 

*The  dilution  of  the  purified  IgA  preparation  where  the  blocking  level 
(chosen  for  calculation,  one  that  is  within  the  linear  range  of  the  assay) 
was  achieved.  The  concentrations  of  the  purified  IgA  preparations  range 
from  0.5  to  1.3  mg/mL. 
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